INTRODUCTION

Diatoms in time and space
Diatoms are known from the Lower Cretaceous (AptianAlbian) to Recent and represent useful tools as biostratigraphic, paleoenvironmental, and paleoclimatic indicators (Stoermer and Smol 1999) . The Cenozoic diatom biostratigraphic record is relatively well-developed (Barron and Baldauf 1995) , though many stratigraphic gaps still exist in the Paleocene and Eocene diatom record around the world. Upper Cretaceous diatom biostratigraphy, however, requires considerable further development through collection of stratigraphic data, taxonomic reorganization, morphological description, and biostratigraphical analysis such as that presented here. A compilation of known Upper Cretaceous diatom-bearing sediments (table 1, text- fig.  1 ) expresses the limitation of our current knowledge for this stratigraphic interval. Diatom preservation is the limiting factor on many of these deposits. This paper is an attempt to develop an Upper Cretaceous diatom biostratigraphy for the Canadian Arctic. Our main goal is to identify the main diatom assemblages in order to apply diatom biostratigraphy to the stratigraphic sequences of the Kanguk, Smoking Hills, and Mason River formations. The moderately good preservation of diatoms from these strata enables us to investigate changes in diversity and composition of siliceous microfossil assemblages from the northern high-latitudes (text- fig. 2 ). Thick stratigraphic sections, like the 125m-thick continuous and moderately well-preserved diatomaceous shale of the Horton River section represent an excellent reference section for development of a biostratigraphic framework for future correlation.
per Tertiary Beaufort Formation. The Upper Cretaceous sequence is represented by the Smoking Hills and Mason River formations of the Amudsen Gulf Group (Yorath et al. 1975) .
MATERIALS AND METHODS
Cretaceous siliceous microfossils in the Canadian Arctic Archipelago (Banks Island) were first identified as reworked elements in glacial sediments (Vincent et al. 1983 ) from the Duck Hawk Bluff, Morgan Bluff, Nelson River, and Prince of Wales formations. That report stimulated the present study.
Four stratigraphic sections within the Canadian Arctic Archipelago and continental margin were examined (text- fig. 4 , columns A-D). Samples were collected by scientists from the Geological Survey of Canada (GSC) (P. T. Chamney, A. F. Embry, J. C. Harrison, and J. H. Wall) and kindly provided by David McNeil of the GSC. From these sections, one hundred and twelve samples were analyzed to determine the presence of siliceous microfossils. Forty-nine of these contained enough siliceous microfossils to warrant a detailed diatom survey (text- fig. 4 ).
Slidre Fjord, Ellesmere Island, District of Franklin. The Slidre Fjord GSC section 74RV-38 is located at 79°47. 4'N, 85°22'W (text- fig. 2 , site 2a; J. H. Wall, pers. comm.) . A total of 29 samples were examined from the 260.5m-thick Kanguk Formation (text- fig. 4 , column A). There is no available section description or stratigraphic column from this locality. At an adjacent site (GSC locality 79 EL-3, Remus Creek, Fosheim Peninsula, Ellesmere Island), the Kanguk Formation unconformably overlies the Upper Albian to Cenomanian Hassel Formation (Wall 1983 ) and consists of approximately 220m of dark-gray shale with minor amounts of siltstone and sandstone. Thin bentonite seams are characteristic of the lower part of this formation. Macrofossils do not provide reliable age control at this site, but Lower Santonian ammonites are reported from this formation at the head of Slidre Fjord on Fosheim Peninsula (Jeletzky in Wall 1983) . Foraminiferal data indicate an age range from Turonian to Late Campanian (Wall 1983) . The depositional environment of the Kanguk Formation at Slidre Fjord is interpreted to be marine of shallow to moderate depth on the shelf (J. H. Wall, pers. comm.) .
Hoodoo Dome, Ellef Ringnes Island, District of Franklin. Hoodoo Dome is a double-plunging anticline, cored and pierced locally by a Carboniferous halite diapir (Stott 1969) . The 12 samples examined here came from the 390m-thick Kanguk Formation at Hoodoo Dome, GSC section 73BAA-10002 (text-fig. 2, site 2b; text-fig. 4, column B) . Unfortunately, no section description or stratigraphic column is available from this locality. Other studies of the Kanguk Formation at Hoodoo Dome (Blakwill 1974, Blakwill and Hopkins 1976 ) report a thickness of about 450m, dividing this lithostratigraphic unit into two informal (lower and upper) members based on the presence of an escarpment-forming, red-brown siltstone between those units. The lower member comprises about 240m of soft, slightly silty, pyritic, black shale with abundant thin beds and laminations of yellow-gray jarositic clay. Near the base of this section, the beds are pink and brick-red due to the oxidation of iron-sulfide minerals. No macrofossils are known from this member, however the presence of mollusks Watinoceras sp. and the recognition of the Mytiloides labiatus Zone at the same stratigraphic level on the adjacent Amund Ringnes Island indicates an Early Turonian age for the lower unit (Jeletzky in Blakwill and Hopkins 1976) . The upper member comprises circa 210m of dark-brown-gray shaly siltstone and silty shale, with abundant small red-brown ironstone nodules and a few jarositic clay beds. A collection of well-preserved mollusks suggests the base of the upper unit is late Early or early Late Santonian in age (Jeletzky in Blakwill and Hopkins 1976) . The depositional environment of the Kanguk Formation at Hoodoo Dome represents a middle outer shelf setting in the lower unit and an upper shelf to pro-delta setting in the upper unit (Blakwill and Hopkins 1976) .
Cape Nares, Eglinton Island, District of Franklin. The Cape Nares section (GSC 87EL-16) is located at 75°38'N, 119°22'W (text- fig. 2 , site 2c; J. H. Wall, pers. comm.) . The 20 samples examined here came from a 156m measured section of the Kanguk Formation at Cape Nares (text- fig. 4 , column C). No section description or stratigraphic column is available from this locality. The Kanguk Formation at Eglinton Island was studied by Plauchut and Jutard (1976) , who reported a 312m-thick unit unconformably overlying the Upper Albian Hassel Formation. The Kanguk Formation is divided into three members: the Lower Shale, Eglinton Sandstone, and Upper Shale members. (1) The Lower Shale Member is 200m-thick and contains two units; the lower part (110m) comprises gray to black shale, silt and sandstone with thin bands of yellow jarosite and concretionary masses of mudstone and dark ironstone, and the upper part (90m) comprises brown to black shale and minor silt with thin bands of gray and green sand, which increase in abundance toward the top of the unit. (2) The Eglinton Sandstone Member is 50m-thick and comprises green, gray or whitish, indurated, medium to coarse quartz sandstone, gravel and conglomerate. The contact between the Eglington and Lower Shale members is transitional. (3) The Upper Shale Member is 62m-thick and comprises gray to gray-brown shale, silty shale and sandstone with a few beds of brown ferruginous sandstone. The age of the Kanguk Formation at Eglinton Island is Santonian to Campanian, based on fossil mollusks (Jeletzky in Plauchut and Jutard 1976) and Senonian based on fossil radiolaria and foraminifera (Fischer in Plauchut and Jutard 1976) . The Lower Shale and Eglinton members are considered to be Upper Turonian to Lower Campanian based on the presence of the foraminiferal Dorotia smokyensis assemblage and Trocammina ribstonensis (J. H. Wall, pers. comm.) . The depositional environment is interpreted to be nearshore to open marine for the lower part of the Lower Shale Member and a shallow to moderate depth marine shelf environment for the rest of the formation (Plauchut and Jutard 1976, J. H. Wall, pers. comm.) .
Horton River Section, District of Mackenzie, Northwest Territories. The Horton River sequence is a composite section constructed from three adjacent outcrops on the Anderson Plains (text- fig. 2, area 3) . The 51 samples examined here came from these three outcrops of the Smoking Hills and Mason River formations (text- fig. 4 , column D). No section descriptions or stratigraphic columns are available from any of these 3 localities. (1) The GSC location CR 16A-N68 (69°27'30"N, 126°58'W) represents the Smoking Hills Formation (McIntyre 1974 , Yorath et al. 1975 ). This formation disconformably overlies the mid Albian Horton River Formation, and comprises ap-proximately 100m of a variable sequence of black, bituminous shale, bedded yellow jarosite, and locally dark maroon beds of earthy hematite (Yorath et al. 1969 , McIntyre 1974 . The Smoking Hills Formation is considered Lower Campanian based on vertebrate fauna (Russell 1967 ) and Santonian to Campanian based on palynomorphs (McIntyre 1974) . The depositional environment is interpreted to be nearshore to open marine (Plautchut and Jutard 1976) . (2) The GSC location CR 307 Micropaleontology, vol. 48, no. 4, 2002 TEXT-FIGURE 3 Upper Cretaceous diatom biostratigraphy in (A) Ural Mts., Russia (from , and (B) Campbell Plateau, SW Pacific (from Hajós & Stradner 1975) . Note the different scales. 16B-N68 (69°28'N, 126°58'W) represents part of the Mason River Formation (McIntyre 1974) , which at this locality is approximately 125m-thick and comprises a lower unit composed of pale gray-weathering shale with minor amounts of mudstone and rusty, dark ferruginous dolomite concretionary beds. This is overlain by a middle unit of medium to locally dark gray shale with some gypsum; and an upper unit of medium to dark-gray-brown and brown ferruginous shale that grades upward into gray sandy shale (Yorath et al. 1969 , McIntyre 1974 Sample preparation. Approximately 1cc of unconsolidated sediment was placed into a 1000ml beaker and dried on a hot plate. After the beaker cooled, 10-20ml of concentrated hydrochloric acid and 40-50ml of 30% hydrogen peroxide were added. This solution was heated and left to react until the strong reaction ceased. The beaker was then filled with filtered water and 10ml of 5% Calgon solution, stirred, and left to settle overnight. The next day, the supernatant solution (approximately 3/4 parts of the volume) was decanted. The beaker was refilled with filtered water, allowed to settle for 6 hours and then decanted. This procedure was repeated four times to wash out the hydrochloric acid, hydrogen peroxide and Calgon, as well as to remove the finer clay size-fraction. The cleaned sample was then filled with filtered water, stirred vigorously, and allowed to settle for 5 minutes. This time the supernatant solution was sieved through a 25µm mesh and the finer fraction was collected in two 2000ml beakers. This step was repeated four times or until the supernatant water was clear after five minutes of settling. The sample of size 25µm was saved in a 10ml vial. The 25µm size fraction was saved in a 125 ml Nalgene bottle after the fine sediment in the beakers settled overnight, and the supernatant water was decanted. The coarse (=heavy) sediment residue that remained in the 1000ml beaker after the 5 minute gravitational settling period was dried in an electrical oven at 75°C and then saved in a labeled plastic sample bag.
Strewn slides of the 25µm size fraction were made for the entire set of samples in order to identify productive samples for siliceous microfossil analysis, and to determine if more chemical 309 Micropaleontology, vol. 48, no. 4, 2002 treatment was needed. The samples containing siliceous microfossils were then concentrated by floating with the heavy liquid sodium polytungstate (SPT) at a density of 2.2g/cc.
The sodium polytungstate flotation technique requires the previous chemical treatment in order to release the diatoms from the sediment matrix and clean the frustules. The acid-resistant subsample was then resuspended in 10ml of distilled water. To begin the floatation, 3.5ml of SPT (=2.2g/cc) was placed in the bottom of a 15ml disposable centrifuge tube. The subsample was resuspended and the 10ml suspension was carefully added to the top of the SPT in order to prevent mixing of these two solutions. The centrifuge tube was then filled up with distilled water and centrifuged at low speed (500 rpm) for 3 minutes. The SPT/water interface was carefully pipetted out and placed into another centrifuge tube. To remove the SPT from the diatom frustules, the working aliquot was resuspended in 15ml of distilled water and centrifuged at 1500 rpm for 3 minutes. The residue was washed again, up to four times or until all of the SPT was removed. The cleaned subsample was stored into a 10ml labeled vial. Permanent slides were made for both size fractions (greater and lesser than 25µm) using cleaned, 22x40mm, cover slides. The cover slide was placed on a warm hot plate and six to eight drops of distilled water were added. One or two drops of the concentrated subsample were placed into the water at the middle of the slide and then two to three drops of alcohol (ethanol) were added. Alcohol helped disperse the sample across the slide. Two to three drops of mounting medium Norland Optical Adhesive # 61 (R.I. 1.56), was placed on a clean, labeled, 25x75mm, microscope slide. The microscope slide was fixed over the dried cover slip, and then flipped over to warm the Norland Optical Adhesive for a few minutes on the hot plate to reduce the media's viscosity and assure effective impregnation throughout the diatom valves. Finally, these permanent slides were cured under ultraviolet light for 15-20 minutes.
The slides were examined using an Olympus BH-2 Transmitted Light Microscope with Differential Interference Contrast. Photomicrographs were taken using B/W Technical Pan Kodak film, ASA 25. Data was collected at magnification ×500 (fraction >25µm), and 750X (fraction <25µm). Final identifications were made at magnification ×1250. Specimens were counted following the convention stated in Schrader and Gersonde (1978) . A total of 500 specimens were counted per sample, 300 in the fraction >25µm and 200 at the fraction <25µm. After the counting process was completed, the rest of the slide was scanned for rarer diatoms. Several slides contained a limited number of specimens, in this case the whole slide was scanned and the total number of frustules taken into account. Slides with less than 100 specimen counts should be regarded as highly qualitative.
RESULTS
The fossil microflora at the studied sections
The Canadian Arctic samples yielded abundant marine diatoms, silicoflagellates, radiolarians, chrysophyte statocysts, and pollen and spores. Diatoms are the dominant group present in these samples and they show compositional changes throughout the sections. Silicoflagellates and chrysophyte statocysts will be the subject of a subsequent paper.
Slidre Fjord section. Only 5 of 29 samples from the measured 260.5m-thick Kanguk Formation contained sufficiently wellpreserved siliceous microfossils for biostratigraphic analysis (text- fig. 4 , column A, table 2). Six samples from the lowest 36m contained only a few occurrences of pollen and spores. Siliceous microfossils were encountered in the interval 39m to 42.5m (samples C-34348, and C-34349). Poor preservation and paucity of diatoms in sample C-34349, however, prevents its inclusion in the final biostratigraphic account. In the interval 42.5 to 62.5m only a few spores were observed. A second horizon of siliceous microfossils is present in the interval from 62.5 to 72m (samples C-34351 and C-34353). The interval from 82 to 242.5m is barren of siliceous microfossils, but some pollen and spores were present. A third interval that contains siliceous microfossils occurs near the top of the section between 252.5 and 254.5m (samples C-34369 and C-34371).
The diatoms Gladius antiquus, Bilingua sp. 1, and Trochosira denticulatum first appear in the sample C-34348 at 39m (text- fig. 5 , table 2). Basilicostephanus sp. 1 and Actinoptychus heterostrophus were not observed above 72m. The First Occurrence Datum (FOD) of Costopyxis antiqua is noted in sample C-34351 at 62.5m, whereas the FOD of Trinacria indefinita is in C-34369 at 252.5m. Lepidodiscus elegans occurs only in sample C-34353 at 72m. fig. 4 , column B, table 3). The lowest 30m of the measured 390m-thick Kanguk Formation at Hoodoo Dome, contain only scarce spores. An interval of poor to moderate biogenic silica preservation occurs between 60 and 180m (samples C-44741 to C-44744). The interval from 180 to 300m (samples C-44745 to C-44748) and 330 to 360m (sample C-44750) is barren of siliceous microfossils, containing only a few pollen and spore grains. Samples C-44749 (between 300 and 330m) and C-44751 (between 360 and 390m) yielded diatoms, but of poor to moderate preservation.
The diatoms Costopyxis antiqua, Basilicostephanus sp. 1, Triceratium schulzii, and Lepidodiscus elegans are confined to the lower 180m (text- fig. 6, table 3) . A single occurrence of C. antiqua in sample C-44751 (between 360 and 390m) may indicate some reworking or possible contamination. Common diatoms are Costopyxis antiqua, C. schulzii f. schulzii, Gladiopsis speciosus f. speciosus, and Paralia sulcata. Scarce silicoflagellates were noted in the lowest 180m.
Cape Nares section. At this section, 9 out of 20 samples contained diatoms in a degraded preservation state. All of the slides from the <25µm size fraction are barren of siliceous microfossils. The Kanguk Formation is 156m-thick in this region. The lower 66m of the Lower Shale Member was barren of siliceous microfossils but contained pollen and spores. A continuous poorly-preserved siliceous microfossil assemblage was noted between 72 and 119m (text- fig. 4 , column C; table 4). Samples of sandstone from the Eglinton Member (123 to 144m) were barren or contained rare pollen grains. One sample at 156m from the Upper Shale Member contained poorlypreserved and recrystalized diatoms. The siliceous microflora at this section is highly altered and many identifications were possible only to a generic level.
Horton River composite section
GSC locality CR16A-N68. The siliceous microfossils from this section occur in variable states of preservation. Only 2 out of 20 samples yielded enough material for biostratigraphic analysis (text- fig. 4 , column D, tables 5, 6) . The Smoking Hills Formation is about 100m-thick at this location. The lowest 21m are barren of siliceous microfossils, but contains scarce pollen and spores. Sample C-8564 (interval from 21.3 to 24.4m) contains siliceous microfossils of moderate preservation. The interval from 24.4 to 97m is barren of siliceous microfossils. Sample C-8589 (interval from 97.5 to 100.6m) contains a siliceous microfossil assemblage of moderate preservation. Diatombearing samples were placed at the bottom of the distribution The Horton River Section is the most continuous Upper Cretaceous diatom-bearing section known from North America. Siliceous microfossils are present throughout the section in varying abundance, allowing for the proposal of a diatom biostratigraphy in the northern high-latitudes.
GSC locality CR17A-N68. The 6 samples examined from this section of the Mason River Formation were barren of siliceous microfossils and yielded few pollen and spores.
Diatom biostratigraphy in the Canadian Arctic
Four diatom biostratigraphic zones are proposed based on the distribution of diatoms in the stratigraphic sections described above (text- fig. 9 ). The proposed broad zones represent a starting point to aid the application of diatom biostratigraphy to Upper Cretaceous strata. Additional biostratigraphic control from continuous sections recovered in the future is needed to better characterize the zones and eventually subdivide them.
Gladius antiquus Concurrent Range Zone, new zone
Definition: The stratigraphic interval between the FOD of Basilicostephanus sp. 1 up to the LOD of Gladius antiquus Forti et Schulz. The lower boundary in this section coincides with the lowest diatom-bearing strata and does not represent the total range of this zone. The upper boundary is identified in the Slidre Fjord section 74RV-38, sample C-34348 (39.0m).
Age: Undefined post-Albian to pre-Campanian (Late Cenomanian to Late Santonian?). The age of the G. antiquus Zone is based on a similar age based on mollusks and foraminifera from the lower Kanguk Formation (Jeletzky in Blakwill and Hopkins 1976 , Jeletzky in Plauchut and Jutard 1976 , Wall 1983 . (Harwood and Nikolaev 1995) and are well-known in the Aptian-Albian sediments of Antarctica ). This zone is, however, not likely to be Lower Cretaceous due to the absence of many Lower Cretaceous taxa and the presence of Upper Cretaceous diatoms (Costopyxis Gleser, Gladiopsis Gersonde et Harwood, Hemiaulus sensu lato, Stellarima Hasle et Sims, and Stephanopyxis Ehrenberg) . The rare occurrence of Lower Cretaceous forms (Basilicostephanus, Bilingua, and Gladius) indicates a transitional interval including the last survivors from a previous diatom radiation (Harwood and Nikolaev 1995).
Costopyxis antiqua Partial Range Zone, new zone
Definition: The stratigraphic interval between the LOD of Gladius antiquus Forti et Schulz up to the LOD of Costopyxis antiqua (Jousé) Gleser. The lower boundary is identified in the Slidre Fjord section 74RV-38, sample C-34351 (62.5m), and the upper boundary is identified at the Horton River section CR16B-N68, sample C-8593 (9.1-12.2m).
Age: Early Campanian, based on diatom biostratigraphic correlation to the First Diatom Complex (Early Campanian) of . The lower boundary may be slightly older problably into the Late Santonian. Reference sections: Lower part of the C. antiqua Zone: Slidre Fjord section, 74RV-38, samples C-34351 and C-34353 (section interval from 62.5 to 72.0m). Upper part of the C. antiqua Zone: Horton River section, locality CR16A-N68, samples C-8564 (21.3-24.4m), and C-8589 (97.5-100.6m); locality CR16B-N68, samples C-8590 (0.0-3.0m) to C-8593 (9.1-12.2m).
Comments: The C. antiqua Zone is not fully represented in a single section. In order to establish this biostratigraphic zone, it was necessary to combine intervals from the Slidre Fjord and Horton River sections.
Trinacria indefinita Interval Zone, new zone
Definition: The stratigraphic interval from the LOD of Costopyxis antiqua (Jousé) Gleser, up to the FOD of Stephanopyxis simonseni Hajós. The lower boundary is identified in the Horton River section CR16B-N68, sample C-8595 (15.2-18.3m), and the upper boundary is identified in the same section, sample C-8607 (51.2-54.9m).
Age: Early Late Campanian, based on diatom biostratigraphic correlation to the Second Diatom Complex (early Late Campanian) of . Reference section: Horton River section locality CR16B-N68, samples C-8595 (15.2-18.3m) to C-8607 (51.2-54.9m).
Associated species: This zone includes the long-ranging Upper Campanian assemblage including diatoms Actinoptychus tenuis
Comments:
The occurrence of the peculiar taxon Strelnikovia antiqua (Strelnikova) Ross et Sims is observed along the interval of the T. indefinita Zone, although the low abundance of S. antiqua excludes naming this zone after this diatom.
Stephanopyxis simonseni Partial Range Zone, new zone
Definition: The stratigraphic interval from the FOD of Stephanopyxis simonseni Hajós up to the FOD of Azpeitiopsis morenoensis (Hanna) Sims. The lower boundary is identified at the Horton River section CR16B-N68, sample C-8608 (54.9-57.9m). The upper boundary was not identified in this section.
Age: Late Late Campanian, based on diatom biostratigraphic correlation to the Third Diatom Complex (late Late Campanian) of .
Associated species:
The diatom assemblage in this zone includes the long-ranging Upper Campanian assemblage (see above) and the presence of the unidentified resting spores #3 and # 4, Trinacria sp. 3, Biddulphia sp. 6, Trochosiropsis polychaeta (Strelnikova) Tapia, Pterotheca sp. cf. P. spada Tempère et Brun, and resting spore #12.
Reference section: Horton River section locality CR16B-N68, samples C-8608 (54.9-57.9m) to C-8630 (121.9-125.0m).
Comments:
The upper boundary of the Stephanopyxis simonseni Zone is here defined as the FOD of Azpeitiopsis morenoensis (Hanna) Sims. A. morenoensis does not occur in the Arctic samples, although is a common element of Maastrichtian diatom as-semblages around the world (Sims 1994a, Nikolaev and Harwood 2000) .
Global records of Maastrichtian diatom-bearing sediments indicate that another diatom biostratigraphic zone outside the Canadian Arctic region can also be proposed.
Azpeitiopsis morenoensis Concurrent Zone, new zone
Definition: The stratigraphic interval from the FOD of Azpeitiopsis morenoensis (Hanna) Sims up to the LOD of Gladiopsis speciosus (Schulz) Strelnikova (1975) .
Associated species: Extensive flora described in Hanna ( , 1934 , Long et al. (1946) , Barker and Meakin (1944 , 1945 , 1948 , Brigger and Hanna (1965) , Hasle and Syvertsen (1985) , Nikolaev et al. (2001) , Sims (1985, 1997) , Sims and Hasle (1987) , Sims and Ross (1988) , and Sims (1986 Sims ( , 1989 Sims ( , 1994a for the Moreno Formation of California.
Reference section: Not identified. There are accounts of well-dated Lower Maastrichtian diatoms in the Raggatt Basin, ODP Hole 748C, Kerguelen Plateau, Southern Ocean (Nikolaev and Harwood 2000) , and the intensively studied Upper Maastrichtian Moreno Formation, Moreno Gulch, Fresno County, California, USA (see references above).
Comments: This zone is proposed in view of the global distribution of Azpeitiopsis morenoensis (Hanna) Sims. The lower boundary of this zone may appear in the stratigraphic record between the uppermost Campanian and the lowermost Maastrichtian. This is inferred because the uppermost Campanian section is missing in the Mason River Fm., Arctic Canada, but it appears to be recovered in the Lower Maastrichtian sediments of ODP Site 748, Raggatt Basin, Kerguelen Plateau (Nikolaev, pers. comm.) . The upper boundary defined as the LOD of G. speciosus (sensu lato) occurs in the Upper Maastrichtian Lopez de Bertodano Fm. on Seymour Island, Antarctic Peninsula (Harwood 1988) .
DISCUSSION
Before the present study, only two diatom biostratigraphic zonal schemes were proposed for the Upper Cretaceous. The northern high-latitude (Russia) diatom complexes and the southern high-latitude (Campbell Plateau, SW Pacific) diatom biostratigraphic zones. The new Arctic Upper Cretaceous diatom biostratigraphy is in general agreement with biostratigraphical divisions based on three diatom assemblage zones from the Ural Mountains, Russia (Strelnikova , 1975 text- fig. 3-A) . The Costopyxis antiqua Zone is correlated tentatively with the First Diatom Complex (Early Campanian) (Barron 1985 , Dell'Agnese 1988 bear close resemblance to the Upper Campanian Trinacria indefinita and Stephanopyxis simonseni zones.
The Upper Campanian diatom record is the best known interval of the Upper Cretaceous, either from low latitudes (Ninety-east Ridge), southern-intermediate latitudes (Tonga Trench), and southern high-latitudes (Campbell Plateau) with many taxa in common. The nine biostratigraphic zones from Campbell Plateau core sediments text- fig. 3B ) cannot be compared directly with the Canadian Arctic zonation, because key taxa do not occur in the Arctic sediments.
As evident in the Canadian samples, the state of silica preservation plays an important role in determining the presence of siliceous microfossils at the different subsample fractions. As a general rule, the presence of moderate to well-preserved microfossils at the >25µm fraction will guarantee the presence of small siliceous microfossils at the <25µm fraction. Similarly, poorly preserved siliceous microfossils in the greater subsample are associated with barren preparations in the finer subsample.
Moreover, the presence of other microfossil groups in the same samples allowed a microfossil correlation throughout the sections. At Slidre Fjord, diatoms are better biostratigraphic indicators than their foraminiferal counterparts. The diatom zones (G. Campanian) and coincide with an undifferentiated Campanian foraminiferal assemblage (J. H. Wall, pers. comm.) . Currently, it is not possible to correlate the diatom biostratigraphic record from Hoodoo Dome to other microfossil zonations. The diatom record is not completely clear in Hoodoo Dome to discern whether it represents 1 or 2 biostratigraphic zones. The single occurrence of C. antiqua in the upper section may be a reworked element, thus we think that both C. antiqua and T. indefinita zones are present in this section.
The diatom record at Cape Nares is highly altered by diagenetic processes. Foraminiferal data indicate an age range from Late Turonian to Early Campanian due to the presence of taxa from the Dorotia smokyensis Zone (J. H. Wall, pers. comm.) . The diatoms indicate an undifferentiated Campanian age, although Early Campanian may be suggested due to the presence of some partially recognizable specimens of C. antiqua and P. ornata.
A microfossil correlation is better achieved with samples from the composite Horton River section. The palynological divisions reported from this section (McIntyre 1974) agree with the diatom data. Microfloral divisions 1 and 2 correspond with the Early Campanian C. antiqua Zone. The Upper Campanian diatom zones, are equivalent to the lower two-thirds of McIntyre's division 3. Following McIntyre's zonation, the boundary between the Campanian-Maastrichtian corresponds approximately to the boundary between the T. indefinita and S. simonseni diatom zones.
A correlation between the Upper Cretaceous sediments from the Anderson Plains and the Sverdrup Basin was proposed based on palynological data (Yorath et al. 1975, Plauchut and Jutard 1976) . The Smoking Hills Formation was correlated with the lower Kanguk Formation, whereas the Mason River Formation with the upper Kanguk Formation. The diatom record indicates a partial correlation among those formations (text- fig. 9 ). The Kanguk Formation in the Sverdrup Basin -e.g. Slidre Fjord Section-has a much older record (G. antiquus Zone) in comparison to the sediments at the continental margin. Moreover, it correlates to the Smoking Hills Formation (C. antiqua Zone) and partially to the Mason River Formation (T. indefinita Zone) of the Anderson Plain Syncline. No evidence of the upper Mason River Formation equivalent (S. simonseni Zone) was identified in samples of the Kanguk Fm.
The present diatom biostratigraphic study from the Canadian Arctic permitted the construction of a new northern highlatitude biostratigraphy framework based upon four biostratigraphic zones. The Azpeitiopsis morenoensis Zone is proposed in light of the worldwide occurence of this taxon ranging from deposits of California , Long et al. 1946 , Akupa River basin, Koryak Range, Russia (Strelnikova 1975) , Tonga Trench, South Pacific (Nikolaev, pers. comm. 1996) , and Kerguelen Plateau, Southern Ocean (Nikolaev, pers. comm., 1996) . Figured specimens from Seymour Island, Campbell Plateau, and Ninety-east Ridge are possible misidentifications (Nikolaev, pers. comm. 1996) . The samples at Kerguelen Plateau (ODP Leg 120, Site 748, Raggatt Basin) bear a special flora including A. morenoensis and several species of Pomphodiscus (Nikolaev and Harwood 2000) . Biostratigraphic control in the best productive sample (748C, 48R-01, 4-6cm) is based on calcareous nannoplankton; cores 40R to 48R are restricted to the Last Appearance Datum (LAD) of Aspidolithus parcus and the LAD of Eiffellithus eximius, narrowing the depositional time to an Early Maastrichtian age . At the present, this is the only well-dated, diatomaceous-bearing sample for the Lower Maastrichtian in the world. At Kerguelen Plateau, A. morenoensis is not as abundant as it is in Upper Maastrichtian Moreno Formation sediments from California. As defined, the top of A. morenoensis Zone is marked by the LOD of Gladiopsis speciosus (sensu lato) a species that radiates in the Upper Cretaceous and appears to die out at the end of the Cretaceous (Late Maastrichtian) (Harwood and Nikolaev 1995) . An example of the extinction of G. speciosus is given in the Upper Maastrichtian Lopez de Bertodano Formation on Seymour Island, Antarctic Peninsula (Harwood 1988) where the genus Gladiopsis does not continue across the K/T boundary.
CONCLUSIONS
The results of 49 samples containing sufficiently preserved diatoms from a composite stratigraphic section of 1094m of the Kanguk, Mason River and Smoking Hills formations in the Canadian Arctic provide biostratigraphic data to enable the construction of a northern high-latitude Campanian diatom biostratigraphic zonation.
A high siliceous microfossil diversity was encountered. The microfossil assemblages comprise 203 diatom taxa, 20 silicoflagellate taxa, and 16 chrysophyte statocyst taxa.
Four diatom biostratigraphic zones are proposed for the Canadian Arctic. In ascending order they are: (1) Diatom taxonomic list. The following list comprises most of the diatom species identified during the present work and listed on tables 2 to 6. Many unknown forms are placed in uncertain generic categories. This clearly indicates that proper taxonomic studies are required for many taxa. Refer to Tapia (1996) for a complete list of diatom encountered in this study. Pantocsek 1892: Bd. 3, Tab. 5, fig. 84; Strelnikova 1974: 72, Tab. 18, figs. 2-6 . Actinoptychus heterostrophus Schmidt in Schmidt et al. 1875 -1959 Witt 1886:152, Tab. 8, fig. 1; Jousé et al. 1949: Vol. 2, p. 97, Tab. 40, fig. 12; Strelnikova 1974: 69, Tab. 14, fig. 8 . Actinoptychus simbriskianus Schmidt in Schmidt et al. 1875 -1959 Tab 109, figs. 3-9; Barron 1985: Pl. 
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TEXT-FIGURE 9
Proposed Upper Cretaceous diatom zonation for Arctic Canada and correlation of lithostratigraphic units in Arctic Canada. The diatom biostratigraphic zones are referenced against Cretaceous geochronology (1), Geomagnetic Polarity time scale (2) , and Cretaceous ages (3). 1= Kent and Gradstein (1995) ; 2= Cande and Kent (1992) ; 3= Obradovich (1993) . Correlation among lithostratigraphic units is based only in diatom-bearing intervals within each studied sections.
TABLE 5
Selected diatom data (total counts) from Horton River composite Section, fraction greater than 25µm. Preservation: G= Good, M= Moderate, P= Poor; Relative Abundance: A= Abundant, C= Common, F= Few, R= Rare, P= Present.
Contninued.
TABLE 6
Selected diatom data (total counts) from Horton River composite Section, fraction lesser than 25µm. Preservation: G=Good, M=Moderate, P=Poor; Relative Abundance: A=Abundant, C=Common, F=Few, R=Rare, P= Present. 3-4 Paralia ornata (Grunow) Grunow; girdle view, ×1250, high and low focus of the same specimen; Sample C-34348, Slidre Fjord.
5,6
Trochosira denticulatum (Strelnikova) Tapia; 5, girdle view; 6, valve view, ×1875; Sample C-34348, Slidre Fjord.
7-8 Basilicostephanus sp. 1; girdle view, ×1875; high and low focus of the same specimen; Sample C-34348, Slidre Fjord.
9-10 Bilingua sp. 1; valve view, ×1875, high and low focus of the same specimen; Sample C-34348, Slidre Fjord.
11-12
Hemiaulus sp. A; girdle view, ×1875, high and low focus of the same specimen; Sample C-34348, Slidre Fjord.
13-14
Stephanopyxis sp. A; valve view, ×1250, high and low focus of the same specimen; Sample C-34348, Slidre Fjord.
15-16
Costopyxis ornata (Schulz) Strelnikova; girdle view, ×1250, high and low focus of the same specimen; Sample C-8590, Horton River
PLATE 2
Representative diatom assemblage of the Costopyxis antiqua Zone.
1 Gladiopsis speciosus forma speciosus (Schulz) Gersonde et Harwood, sensu lato; composite low and high focus figure, ×1250; Sample C-44744, Hoodoo Dome.
2-4 Basilicostephanus sp. 1; 2, valve view, ×1250; 3-4, girdle view, ×1250, high and low focus of the same specimen; Sample C-34353, Slidre Fjord.
5,12-13 Triceratium schulzii Jousé; 5, valve view, ×1875; Sample C-8593, Horton River; 12-13, valve view, ×1875, high and low focus of the same specimen; Sample C-44744, Hoodoo Dome.
6-7 Costopyxis schulzii f. nuda Strelnikova; girdle view, ×1875, high and low focus of the same specimen; Sample C-8690, Horton River.
8-9 Hemiaulus sp. cf. H. polymorphus Grunow; girdle view, ×1875, high and low focus of the same specimen; Sample C-44742, Hoodoo Dome.
10-11, 14-15
Costopyxis antiqua (Jousé) Gleser; girdle view, ×1250; 10-11, high and low focus of the same specimen; Sample C-34353, Slidre Fjord; 14-15, high and low focus of the same specimen; Sample C-8590, Horton River.
PLATE 3
1-2 Hemiaulus sp. A; girdle view, ×1875, high and low focus of the same specimen; Sample C-34344, Slidre Fjord.
3-4 Gladiopsis speciosus f. aculeolatus Strelnikova; girdle view, ×1250, high and low focus of the same specimen; Sample C-34353, Slidre Fjord.
5-8
Cortinocornus rossicus (Pantocsek) Gleser, girdle view, ×1250; 5-6, high and low focus of the same specimen; Sample C-8593, Horton River; 7-8, high and low focus of the same specimen; Sample C-8597, Horton River.
9-10 Actinoptychus simbriskianus Schmidt; valve view, ×1250, high and low focus of the same specimen; Sample C-8618, Horton River.
PLATE 4
Representative diatom assemblage of the Trinacria indefinita Zone.
1-2,5-6 Trinacria indefinita Jousé; 1-2, valve view, ×1250, low and high focus of the same specimen; Sample C-8602, Horton River; 5-6, valve view, ×1875, low and high focus of the same specimen; Sample C-8599, Horton River.
3-4 Strelnikovia antiqua (Strelnikova) Ross et Sims; valve view, ×1250, high and low focus of the same specimen; Sample C-8597, Horton River.
7-10 Sheshukovia sp. 1, valve view, ×1250; 7-8, low and high focus of the same specimen; Sample C-8595, Horton River; 9-10, low and high focus of the same specimen; Sample C-8599, Horton River.
11-12
Hemiaulus antiquus Jousé; girdle view, ×1875, high and low focus of the same specimen; Sample C-8600, Horton River.
13 Thalassiosiropsis wittiana (Pantocsek) Hasle, valve view, ×750; Sample C-8597, Horton River.
14-15 Paralia crenulata (Grunow) Gleser; valve view, ×1250, high and low focus of the same specimen; Sample C-8599, Horton River.
PLATE 5
1-4 Gladiopsis speciosus (Schulz) Gersonde et Harwood; 1-2, girdle view, ×1250, high and low focus of the same specimen; Sample C-44744, Hoodoo Dome; 3-4, girdle view, ×1875, high and low focus of the same specimen; Sample C-8603, Horton River.
5-6
Gladiopsis speciosus f. poratus Strelnikova; girdle view, ×1250, high and low focus of the same specimen; Sample C-8600, Horton River.
7 Hemiaulus sporalis Strelnikova (resting spore); valve view, ×1250. Sample C-8608, Horton River.
8 Hemiaulus polymorphus var. frigida Grunow; girdle view, ×1875; Sample C-8602, Horton River.
9,10-11 Trinacria acutangula (Strelnikova) Barron; 9, girdle view, ×1250; Sample C-8603, Horton River; 10-11, valve view, ×1250, low and high focus of the same specimen; Sample C-8599, Horton River.
